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1Abstract
Thispapereviewedresearchrelatedtophonologicalwarenessindeafand
hearingindividuals.A numberofstudieshowedthatindividualskilledinmemory
tasksandreadingachievementutilizeaphonologicalvoice.Oftenreferredtoasinner
voiceorthearticulatoryloop,phonologywasusedbybothhearinganddeafindividuals
consideredtobeskilledreaders.Theevidencealsoshowsthatheuseofphonologyfor
codinginformationisrelatedtotheabilitytousememoryefficiently.
As readingachievementisveryimportantinadeafchild'seducation,sois
mathematics.Comparedtohearingstudents,deafstudentsdonotperformatthesame
academiclevelinmathematics.Whiletheimportanceofphonologyisknownintermsof
readingachievementandmemory,it isprobablethatuseofthearticulatoryloopis
importantinmathematics.Thislogicledtoanotherpotentiallyimportantfactorof
mathematicalachievement- mentalcalculation.Thus,areviewoftheliteraturewas
conductedontheimportanceofmentalcalculationandrecommendedkeystrategiesfor
teachingmentalarithmeticskills.
- --- - - - - - --
2TheImportanceofMentalCalculationSkills:A ReviewoftheLiterature
Introduction
Phonologicalcodingor"innervoice"istheprocessbywhichhearingpeople
organizecognitivethoughtprocesses.Thismethodofcodinginformationservesasthe
foundationforreadingcomprehensiona dtasksinvolvingshort-termemory.Inamore
generalsense,phonologicalcodingisthefundamentalmethodbywhichhearingpeople
organizethoughtsregardlessofwhetherrelatedtoreading,decidingwhattopreparefor
dinner,orsolvingamathematicalomputation.Thisarticulatorycode,asit isoften
referred,isbasedonthesoundsofspeech.Whenhearingpeopleread,recallarecent
idea,orestimatetheirchangefromthegrocerystore,theinformationaccessedisbased
onknowledgeofspeechsoundscorrespondingtotheassociatedwordsorphrases.
Forcodinginformationi short-termemory,hearingpeopleusephonological
coding.Formemorycoding,similarly,deafindividualsusephonologicalcodingas
supportedbytheevidence.Conrad(1972)wasamongthefirsttoinvestigatecodeuseby
deafindividualsduringshort-termemoryrecall.Hefoundevidencefortheexistenceof
aspeechbasedmemorycodeinhearingsubjectsbutnotindeafindividuals.Conrad's
research,owever,wasoverwhelminglyrefutedbylaterstudies.
To obtainabetterunderstandingofthequalitativeaspectsof immediatememory
ofdeafindividuals,MacSweeney, CampbellandDonlan(1996)usedthetechniqueof
interferenceofencodingandrehearsalof listsbyconcurrentactivity.To studymemory
coding,subjectswereshownaseriesofpicturesinconjunctionwithinterferenceandthe
resultingevidencewouldrevealcluestomemorycodingstrategiesofdeafindividuals.
- - -- - - - -- - - - - --
3Resultshowedthatdeafindividualsdoindeeduseanarticulatoryloopformemory
coding.
HansonandLichtenstein(1990)addressedthequestion,"Is serialrecallanguage
basedorlinkedtophonologicalwareness?"Theycomparedperformanceofhearingand
deafsubjectsonrecallof formationallysimilarandformationallydissimilarwordlists.
Wordsthatareconsidered"formationallysimilar"correspondtosignsthatsharesimilar
featuressuchasmovementandhandshapesuchasMOTHERandFATHER. Wordsthat
correspondtosignsthatare"formationallydissimilar"donotsharethislikeness.For
example,thesignsMOTHERandKIND havedifferenthandshapes,locationsand
movements.If adecrementinperformancewasnotedforthedeafsubjects'recallof
formationallysimilarlistscomparedtohearingpeers,thiswouldsupportthetheorythat
codingwaslanguagebased(visual,inthiscase)andnotspeechbased.Thisholdstrue
becausestudieshaveshownthathearingpeople,whenpresentedwithphonetically
similarwordlists,will performworseonserialrecalltaskswhencomparedto
performanceontasksinvolvingwordlistscontainingphoneticallydissimilarwords.In
otherwords,if thewordsareacousticallysimilar,hearingpeoplewill notrecallasmany
wordsasif theywereacousticallydissimilar.Therefore,if deafsubjectsuseavisual
code,theywouldnotperformaswellwithwordscorrespondingtovisuallysimilarsigns
whencomparedtoperformancewithwordlistscorrespondingtosignsvisually
dissimilar.Moreover,whencomparingtheperformanceofhearinganddeafindividuals
onthesametaskswithformationallysimilarwordlists,if deafsubjectsusealanguage
basedorvisualcode,theywouldperformworsethantheirhearingpeers.However,
recallof formationallysimilarlistswasanalogousforhearinganddeafparticipantsof
---
4thisstudysuggestingthatdeafindividualsusephonologyduringshort-termemory
recall.
Hanson(1982)wantedtoinvestigateif aspeechbasedcodeorsignbasedcode
wasusedforrecallofordereditemsandfreeitems.Shepresentedsubjectswiththree
setsofprintedwords.Thefirstsetwasformationallysimilar,thesecondwas
phoneticallysimilar(similarsound)andthethirdlistcontainedwordswithlettersand
lettercombinationsthatmakepartsofthewordsshareasimilarsound(Le.fork,phone
andrough- eachwordhasaletterorcombinationof letterstorepresentasimilar
phoneme/j1).Themostsignificantresultinvolvedthephoneticallysimilarsetofprinted
words.Abilityfororderedrecallwasreducedsuggestingtheuseofaspeechbasedcode
usedbydeafindividuals.Thisistruebecauser searchasshownthatperformanceon
suchrecalltasksishinderedbytheuseofphonologicalcodinginhearingpeople.Such
findingsuggestthatdeafindividualsmakeuseofthearticulatoryloopformemory
coding.
Clearly,deafandhearingpeopleusephonologicalcodingformemorytasksbut
thescopeofphonologicalcodeuseextendsbeyondactivitiesinvolvingmemory.
Evidencehasshownthat,logically,skilledhearingreadersmakeuseofphonological
coding.Deafindividuals,whohaveachievedadvancedlevelsofreadingability,alsouse
thearticulatoryloopforcodingprintedtext.
Reynolds(1986)investigatedtheeducationalndresearchpotentialofthe
DegreesofReadingPower(DRP)testsusingdeafcollegestudents.Onehundredeaf
andhardofhearingcollegestudentsweretested;thedegreeofhearinglossrangedfrom
27to120dBloss.Testresultshowedasignificantdifferenceinscoresamong
--- --
5prelinguallyandpostlinguallydeafsubjectssuggestingacorrelationbetweenreading
abilityandphonologicalwareness.Skilledreaderseemedtohavehadincreasedinput
of spokenlanguage.
Usingwordpairs,HansonandFowler(1987)studiedwhetherskilleddeafreaders
wereabletoaccessphonologicalinformationaboutwordsundersimilarconditionsas
skilledhearingreaders.Herresultsdidnotsignificantlydifferforhearinganddeaf
participantssuggestingthatdeafandhearingreadersutilizephonologicalinformationi a
similarmanner.
Hanson,GoodellandPerfetti(1991)testedthereactiontimes(RTs)ofdeaf
participants'attemptsodeterminethesemanticacceptabilityof sentencesbasedon
readingtasksinwhichthesentenceswereprecededbyaphonologicallysimilarsetof
numbers.TheyfoundthatRTswereslowerforjudgmentsofsentencesthatcontained
phonologicallysimilarsetsofnumberswhencomparedtothecontrol.Theseresultsalso
providesupportfortheutilizationofphonologicalinformationi skilleddeafreaders.
Together,thesereportsprovidevidencefortheuseofthearticulatoryloopin
hearinganddeafindividualswithrespecttomemorytasksandreadingachievement.
Daneman,Nemeth,StaintonandHuelsmann(1995)studiedtherelationshipbetween
memoryandreadingability.Theyexaminedstoragecapacitybywayofadministration
ofaseriesofrecalltests.Theywantedtoexamineindividualdifferencesintheabilityto
coordinateheprocessingandstoragefunctionsofworkingmemoryanddetermineif
variationinabilitycorrelatestoreadingachievementamongdeafchildren.Theyused
fiveteststoassesworkingmemorycapacity:readingspantest,listeningspantest,visual
shapespantest,wordidentificationandpassagecomprehensiontest.Theyfoundthatall
- - -- -- -- - --- --
6measuresofworkingmemorycapacitywerestronglycorrelatedwithreading
achievement.Theresultsoftheregressionanalysishowedthatworkingmemory
capacitywasagoodpredictorofdeafchildren'swordskills,andanevenbetterpredictor
oftheirpassagecomprehensionskills.
As stated,thearticulatoryloopisimportantformemorytasksandreading
achievementi deafandhearingpeople.Hearingpeopleusethiscodeforvirtuallyall
cognitivethoughtprocessesandawarenessofthiscodeisvitaltoanindividuals'success
inanacademicenvironmentregardlessofhearingstatus.Justasphonologicalcodingis
academicallyimportanttoreadingachievementandmemory,it isalsoimportantto
mathematicalability.Formentalmathematicalculationsandthinkingthrough
problems,researchasshownthathearingindividualsusephonologicalcodingto
performtheseactivities.
Themathematicalabilitiesofdeafindividualsarenotequivalenttohearingpeers.
Traditionally,deafstudentshaveperformedworseinthemathematicalenvironment
whencomparedtotheirhearingcounterparts.Oneplausiblexplanationisthathelower
levelsofmathachievementdisplayedbydeafindividualsi linkedtoalackof
phonologicalwareness.However,whatotherfactorsmaybeassociatedwiththe
dissimilarlevelsofmathematicalachievementamongdeafandhearingstudents?
Perhapstheanswermaybepartiallyexplainedbyhowtheyfunctionwithmental
calculationskills. A thoroughunderstandingofmentalcalculationskillsmayprovide
insightintothereasonswhydeafindividualsdonotperformonanequitablel velwith
hearingpeersinthemathematicalarenandsupplyeducatorswithtoolstohelpnarrow
thegap.Thisinformation,inconjunctionwithwhatisknownaboutheimportanceof
-- - -- - - ---
7phonologicalwarenesscanperhapsprovideducatorsandresearchersadifferent
perspectiveonteachingdeafstudentsmathematics.Deafstudents,withanefficient,
internalcodingsystemattheirdisposalandrelevantmentalcalculationstrategiestodeal
withmathematicalproblems,maybeabletomaximizetheirlearningpotentialin
mathematics.Thisreviewoftheliteraturewill attempttoanswerthefollowingresearch
questions:
1) Whatistheimportanceofmentalarithmeticskills?
2) Whatarethekeyinstructionalstrategiesfordevelopingmentalarithmeticskills?
LiteratureReview
Deafstudents'difficultieswithmathematicalwordproblemsarewell
documented.Difficultieswithwordproblemsareoftenattributedtodelayedlanguage
development.BarhamandBishop(1991)statethatdecreasedperformancel velsofdeaf
studentsoccurbecausestudentsareintroducedtonew,confusingwordssuchas
"multiply"or"rectangle"andtheyhavetroublewithconnectivessuchas"if' and
"because."SerranoPau(1995)lookedattheabilityofdeafindividualstohandle
mathematicalwordproblemsbyexaminingtheextenttowhichreadingcomprehension
influencedproblemsolvingskillsofstudentswhenassignedvarioustypesof
linguisticallyformulatedarithmetictasks.Hissubjectsincluded12prelinguallyand
profoundlydeafschoolchildrenbetweentheagesof8and12yearsofage.Theresultsof
thisstudyshowedthatfor10of 12participants,readingcomprehensionwas2-5years
belowgradelevel. Studentshadtroublewithcomprehendingcrucialwordsdirectly
linkedtotheabilitytosolvetheproblem.Thesewords/termsincluded"greaterthan,"
"lessthan,"together"and"gave."Forexample,thedeafstudentmistranslated"more"
8inthephrase"morethan"asanadditionsigneventhoughthecorrectoperationtosolve
theproblemwastosubtract.Also,subjectstendedtosimplifytext.Forexample,they
interpreted"havemorethan"tomean,"have."Difficultywithmathematicsfordeaf
studentsi notlimitedtowordproblems.
Titus(1995)investigateddeafandhardofhearingstudents'understandingof
fractionalnumbersasmeasuredbytheirabilitytodetermineorderandequivalenceof
fractionalnumbers.Theconceptoffractionalnumbersi importantbecauseknowledge
ofrationalnumbertopics uchasfractions,decimalsandpercentsareconceptshathave
beenquotedasbeing"thecapstoneofelementarymath"and"thecornerstoneofhigh
schoolmath."Subjectsincluded21deaforhardofhearingstudentsand26hearing
studentsbetweenages10and16.Bothsamplesofhearinganddeafstudentswere
separatedbasedonageresultinginoneyoungerandoneoldergroupofdeafstudentsand
oneyoungerandoneoldergroupofhearingstudents.Theresultshowedthatolder
hearingstudentssignificantlyoutperformedallothergroups.Essentially,therewereno
differencesidentifiedbetweentheyoungerhearingstudentsandbothagegroupsofdeaf
andhardofhearingstudents.In termsofperformance,bothagegroupsofdeafstudents
performedsimilarlytotheyoungerhearingstudents.Thissuggestshatdeafandhardof
hearingstudentsmaydeveloprationalnumberconceptsinmannersimilartohearing
studentsbutdevelopmentisdelayed.Interestingly,Titusclaimsthatheresultsare
primarilyrelatedtoEnglishlanguagedevelopmentdelayanddifficultywith
mathematicalterminology,eventhoughismaterialsweremainlycomprisedoffractions
withoutheconfusingterminologyoftenresponsiblefordifficultieswithwordproblems.
- -
9Performanceinmentalarithmeticormentalcalculationabilityhasnotbeen
thoroughlystudiedinthedeafpopulation.However,examinationfthisparticular
domainofmathematicsprovidesanexceptionallyinterestingareaofstudy.Thisistrue
becauseofthementalnatureofmentalcalculation.Comparedtostudiesinvolvingtext
comprehensionsuchaswordproblemsorreadingpassages,performanceinmental
calculationisleastinfluencedbyapersons'knowledgeoftheEnglishlanguage.
Therefore,sincethenatureofmentalcalculationminimizestheinfluenceofEnglish
languageknowledgeasavariableofperformance,amoreaccuratepictureofthetrue
capabilitiesofthedeafstudentisobtainable.Morelikelythannot,knowledgeofthe
articulatoryloopwillhelpwithperformanceonmentalcalculationtasks.However,by
eliminatingtheinfluenceofconfusingterminologycharacteristicofwordproblems,the
windowintothetruemathematicalabilityofthedeafstudentbecomesabitmoreclear.
Languageknowntobeconfusingfordeafstudentssuchas"more" if' and"because"do
notfactorinapersons'abilitytocalculate51x49.
MentalArithmeticSkills- Definition
Hall(1954)definesmentalarithmeticas...
1) Arithmeticproblemswhicharise
a) inanoralmanner
b) inwrittenform,or
c) "inthehead"ofthepersonwhoneedstosolvetheproblem;
2) Problemsinwhichpencilanpaperandothermechanicaldevices,suchas
calculators,arenotusedtorecordtheintermediatestepsbetweenthestatementof
theproblemanditsanswer;
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3) Problemsinwhichpencilandpaperareused,andproblemsinwhichtheyarenot
used,torecordtheanswer;
4) Problemsinwhichquickestimationsaremadewhicheithermayormaynotbe
verifiedbyawrittenresponse(p.353).
DevelopmentofSkills
Developmentofmentalcalculationskillsstimulateshigher-levelmathematical
thinkingskills(Reys,1985).Hazekamp(1986)discussedsomeofthebenefitsof
teachingchildrenmentalcalculationstrategies.Heclaimedthatheuseofmental
calculationstrategiescouldprovidechildrenwiththeabilitytorecognizeandworkwith
numbersthataremultiplesofpowersoften.Also,studentsgainmentalf exibilitythat
allowsthemtothinkofnumbersinmanywaysandforms(Beishuizen,1997).Hope
(1986a)andSchall(1973)stresstheimportanceofmentalcalculationi thatmental
strategieshelpstudentsobetterunderstandthenumbersystemandnumberrelationships.
Theseauthorsassertthatmentalcalculationstrategiescanhelpchildrenbecome
independentoftechniquesthatwerelearnedviamemorization.Havingacquiredsuch
techniques,mentalstrategiesgivechildrenmoreoptionsforsolvingproblemsandthey
arenotlockedintomentallyattemptingtousestandardwrittenalgorithmsforaproblem
thatcouldeasilyandefficientlybesolvedwiththeappropriatementaltechnique.
Academically,thebenefitsofmentalcalculationskillsextendbeyondthemathematics
classroomandweaknessinthisareacanprofoundlyinfluencematerialcomprehensionin
othersubjects.Flournoy(1959)notedthat"Theincidenceofquantitativestatements
seemstorunveryhighinsocialstudiesandsciencematerialsanditseemshighly
-- -
11
probablythatsuchstatementsarenotunderstoodatallbymanypupils;in fact,thelearner
mayhardlybeconsciousoftheirpresence."(p.135)
Thebeneficialcharacteristicsre ultingfromproficiencyinmentalcalculationare
veryimportant.Useofmentalcomputationstrategieswill benefitstudentsinmathclass
andinothereducationalreas.As importantasit istoteachmentalcalculationstrategies
forthesereasons,perhapsthemostimportantincentivetoteachmentalcalculationshould
bedirectedattheacquisitionofmorepragmatic,fundamentalabilitiesforstudents.
Tohavetheabilitytomentallycalculatearithmeticproblemsrequiresmathematical
understanding.Relyingonskillsobtainedviadrillandpracticexercisesinvolving
standardwrittenalgorithmswill notmakethegradewhentryingtomentallycalculate8x
999.Knowledgeoftechniquestocalculate8x 999mentallybychangingtheproblemto
8x (1000- I) demonstratesanunderstandingofthedistributivelaw(Hope& Sherrill,
1987).AscitedinFrench(1987),Cockcroftstates,"Wemaynotethat,althoughit is
possibletopractisewrittenmethodsofcomputationasroutineswithlittleunderstanding
oftheunderlyingmethod,goodmentalmethodshavetobebasedonunderstanding..."(p.
39). Aze(1988)alsosupportstheviewthatmentalmethodsofcalculationrequire
mathematicalunderstanding.
Everydaylifedemandsapracticalneedformentalcalculationskillsforchildrenand
adults.Sauble(1955)states:
Theyneedtorealizethathebettertheyunderstandumbers,themoreskillthey
possessintheoperationsofarithmetic,andtheoftenertheyputtheseunderstandings
andskillstoproductiveuse,themoreadequatelytheywill beabletomeethe
steadilyincreasingquantitatived mandsofdailyliving(p. 33).
----
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Childrenandadultsalikearealwaysinsituationswhereaquickmentalcalculationwill
proveamosthandyandefficientooltosupportorrefuteanestimation.Childrenatthe
checkoutcounterofthecandystoreordadattemptingtoestimatethecostoftopsoilto
coverthelawnwill undoubtedlyattempttofigureouttheestimationbywayofmental
means.Hope(1986a)citedevidencebasedoninterviewsfromWandtandBrown(1957)
showingthatwhenpeoplencounteredasituationrequiringacalculation,people
performedroutinementalcalculations75%ofthetimecomparedtotheuseofwritten
computationswhichwereperformed25%ofthetime.Thesedatawererecordedovera
24hourtimeperiodandthecalculationswereoff-the-jobcalculations.Schall(1973)also
citedthepracticalneedofmentalcalculation.Hediscussedhowchildrenandadults
encountermanydailyactivitiesrequiringsimplementalcalculationssuchasmaking
estimates,interpretingquantitativedata,termsandstatements.
Finally,useofmentalcalculationstrategieshelpsstudentsrefinetheirproblem
solvingskills.Hall(1954)describedtherelationshipbetweenmentalcalculationand
problemsolving.Atweh(1982)maintainedthatamathematicscurriculumthatincludes
mentalarithmeticshouldemphasizeproblemsolving:"Developingskillsinmental
computationcallsfortheuseofalgorithmsthatareoftenrejectedinpaper-and-pencil
computations(p.55).Inmanyinstances,mentalalgorithmsdonotexistorareforgotten.
Hence,mentalcomputationalsofallsunderthecategoryofproblemsolving"(p.55).
It isveryimportanttoteachchildrentechniquesinmentalcalculation.Certainly,
thereisanacademicneed.Mentalmethodswillhelpchildreninthemathclassroomand
otherclassroomsaswell. Thedevelopmentoftheseskillswill serveasaspringboardfor
morecomplexarithmeticprocedurestheywill encounterintheiradolescentyears.
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Mentalmethodsofcalculationrequirethatmathprinciplesareclearlyunderstoodand
acquisitionofthesemethodsofferchildrenanadditionalbankofmeanstofindtheexact
answersorestimationstoproblemsolvingtasks.Moreover,thereisapracticaleveryday
needfortheabilitytocalculatementallyandthisneedexistslongintoanindividuals'
twilightyears.Clearly,mentalcalculationskillsareimportantandapplicabletomany
academicandpracticalsituations.However,whatdoesitmeantobeconsidered
"skilled"inmentalcalculation?Howaretheseskillsacquired?Dochildreneedtobe
simplytaughtvarioustrategiesoristheremoreinvolved?Whatmakesomeone
proficientinmentalcalculation?
CharacteristicsofExpertMentalCalculators
Interestingly,manyexpertseemedtohaveacquiredtheirskillsbywayofa
fascinationwithnumbersoranexceptionalinterestinagameortaskinvolvingnumbers.
Whenaskedhowherememberedthat362equaled1296,HopeandSherrill(1987)
reportedthatoneoftheirparticipants'answerrelatedtohisknowledgeofprobabilityand
dice.Quotingtheboy,HopeandSherrillstate,"Inrollingdiceyouhaveachanceofone
sixthofrollinga 1. Soif youdothat4timesinarow,itwouldbeonesixthtothe4thor1
in 1296."(p.109).Hope(1986b)providedadditionaldatatosupporttheopinionthathe
developmentofmentalmethodsofcalculationextendsbeyondclassroominstruction.He
providedvariousexamplesofhowchildrendeveloptheirskills.Forexample,oneboy,
whilethinkingaboutnumberstopassthetimeonhisbusridehome,discoveredthe
followingpatternwhichledtotheabilitytosquareverylargenumbers:
8x 12=100- 4 = 102- 22
14
andsoon....until,
Anothercharacteristicsharedbyexpertcalculatorselatestothewaytheymanage
memory.Hitch(1977)conductedexperimentsconfirmingthatmentalarithmeticerrors
occurbecauseofrapidforgettingoftemporaryinformation.Henotedthatcalculations
consistofdiscretestages,orderedependingonanindividuals'particularstrategy.The
strategydeterminestheintervaloverwhichtheinitialandinteriminformationmustbe
stored.The"units,tens,hundreds"trategy(calculationsareperformedlefttoright)of
multiplicationismostaxingonshort-termemoryandthereforequitepronetoerror.
Themostefficientstrategiesaretheonesthatminimizetheeffectsofrapidforgetting.
Theuseofefficientstrategiesisacharacteristicsharedbyskilledmentalcalculators.
Toobservestrategiesandcharacteristicsofskilledandunskilledindividualsof
mentalcalculation,HopeandSherrill(1987)conductedaresearchstudyinvolving30
highschoolstudents.Fifteenstudentsweredeemedskilledinmentalcalculationand15
wereunskilled.Theresultshowedthatheskilledstudentsusedgreatervariationof
strategiestoaccomplisht ecalculationtaskspresentedtothem.Also,skilledstudents
frequentlyusedmethodsthatheyfelt "minimizeforgetting."Skilledstudentsrecalled
manymorenumericalequivalents.Numericalequivalentsareautomaticoperation
conversionsintonumbers.Forexample,if anindividualknowsthat5x 5isequalto25,
forthatperson5x 5isanumericalequivalentto25.A personwhoknowsthat25x 25is
equalto625knowsthenumericalequivalentof25x 25. Theanswerisknown
instantaneouslyandessentiallyrequiresnothought.Theskilledstudentseliminated,
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whenpossible,thecarryoperation.Anothercharacteristicoftheskilledstudentswasthe
factthatheycalculatedlefttorightratherthanthecontrarywhichhasshowntobemore
demandingonshort-termemory.Finally,theskilledstudentsendedtoincorporatehe
interimcalculationsintoasingleunit(continuouslyretrievingasumandupdatingitby
addinganewlycalculatedproduct).Again,keepinga"runningtotal"wasless
demandingonmemory.Hunter(1978)providedinformationrelatedtousingmemory
efficiently.Hestates,"Expertshave,throughyearsofexperience,acquiredavastlylarge
fundofnumericalequivalentsuponwhichtheycandrawwithspeedandaccuracy.
Expertshavealsoacquiredalargerepertoireofcalculativemethodswhichenablesthem
tocalculateinwaysthatmakemaximallyeffectiveuseofthefundofequivalentsand
whichkeepinterruptedworkingmemorytoaminimum.Inshort,expertsbuildupvast
resourcesof long-term emory,andtheyshifttheburdenofcalculationontolong-term
memorywhile,atthesametime,minimizingtheirrelianceontemporarymemory"(p.
340). Calculationsaredoneinlargeblocksorprefabricatedsegmentswhichare
handledbylong-term emoryandonlyminimalactualcalculationsarenecessary.
Manyexpertshavedemonstratedanaddedincentivetounderstandumbersor
numberrelationships.Thehavedevelopedaself-interestthatis,plainandsimple,based
onhavingfunwithnumbers.Expertcalculatorshavedevelopedalargerepertoireof
strategiestocustomfitthetaskathand.Differentproblemshavedifferentmethods
requiredtosolvethemandexpertcalculatorshave,attheirdisposal,manydifferent
strategiestoefficientlysolveavarietyofproblems.Theyarenotlockedintoone
laborious,inefficientmethodoftryingtoperformdiversecalculationsviathetraditional
writtenalgorithm.Theyemploystrategiesthatutilizememoryinamostefficientwayby
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eliminatingthecarryoperation,performingcalculationsfromlefttorightandusinga
largestoreofnumericalequivalents.
MentalCalculationStrategies
Thompson(1999),inaneffortosupport/adviseteacherstomeethechanging
curriculardemandsof increasedemphasisonthedevelopmentofachild'smathematical
mentalcalculationabilities,providedacomprehensivelistofthemostcommonlyused
mentalcalculationstrategiesu edforonedigitnumberoperationsforprimaryschool
agedchildren.Thompson(2000)alsoproducedalistofthemostcommonlyused
strategiesfortwodigitnumberoperations.Thompson(1997)usedthesestrategiesinhis
researchstudyinwhichheattemptedtodetermineif writtenmethodscouldactually
reflectmentalcalculationstrategies.ThefocusofThompson'sworkinvolvedaddition
andsubtractionoperationsonly.
TheresearchofHopeandSherrill(1987)revealedanumberofcalculation
strategies.Aspreviouslynoted,thestudyparticipantsincluded15studentsskilledin
mentalcomputationa d15whowereconsideredunskilled.Analysisofthestudent
reportsindicatedthat3methodsand4strategiespermethodwereusedtosolvethe
calculationtasks.
I) Mentalpencilandpaper- doingthesamementalprocessesinone'sheadasheor
shewouldconventionallydoonpaper.
a) No partialproductretrieved- i.e.25x25-7 "fivetimes5is25,carry2,5
x2= lOplus2=12 etc."
17
b) Onepartialproductretrieved- i.e.- "5x 48is 5x 8=40,carry4,24,
240.And2x48is96,etc.NOTE:240wascalculatedigitbydigitbut
96wasretrievedasnumericalequivalent.
c) Twopartialproductsretrievedasnumericalequivalents.12x 250.2x
250=500,1x250is250,moveoverone,3000!
d) Stacking- eachpartialproductwascompleteddigit-by-digitand
visualizedasastackedarrangement.i.e.8x 999is72,72and72right
across.
2) Distribution-transformingoneormorefactorsintoaseriesofsumsor
differences.
a) Additivedistribution- eachpartialproductisaddedsuccessivelyto
producearunningsum.i.e.8x4211=8x 4000=32000,8x200=1600
and8x 11is 88.Answer:33688.
b) Fractionaldistribution:appliedwhenfactorcontaineda"5"asaunitdigit.
i.e.15x 48wascalculatedas10x 48=480andhalfofthatis240sothe
answeris720.
c) Subtractivedistribution- usedwhenstudentshoughtexpressingthe
numbersasadifferencemadethecalculationmoretractable.i e.8x 999
isthesameas8x (1000- 1)=8000- 8=7992.
d) Quadraticdistribution-Thealgebraicdentityforthedifferenceofsquares
(x- y) (x+y)=x2_y2.So,studentssolvedbytheproblem49x 51by
changingitto502- 1.
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3) Factoring- oneormorefactorsinthetaskweretransformedintoaseriesof
productsorquotientsratherthanaseriesofsums/differences.
a) General-factoringoneormoreofthefactorsbeforeapplyingthe
multiplicationlaw. i.e.25x 48=(5x 5)x 48. 5times48=(5x 40)+(5
x 8)and5x 240is 1200.
b) Halfanddouble- Thisstrategyisusedwhenonefactorisamultipleof2.
i.e.12x 15equals6times(1/2)30(double)=180.
c) Aliquotparts- transformingonefactorintoaquotient.
d) Exponentialfactoring- usedtocalculateproductsofpowerthroughthe
exponentialrule.i.e.32x 32. 32is2tothe5thpower,squaringthisistwo
tothetenthpower,"whichI justknowis 1024."Forthisperson210isa
numericalequivalentof 1024.
SomeofthesestrategieshavebeendescribedintheworkofHazekamp(1986)and
Atweh(1982).However,theseauthorsidentifiedseveralstrategiesuniquetotheir
respectiver ports.Hazekampdiscussedtherulesofmultiplyingby5,50and100:
"By5- Divideby2,multiplyby10. 5is 10+ 2
By 50- Divideby2,multiplyby100. 50is 100+ 2
By 500- Divideby2,multiplyby1000. 500is 1000+ 2" (p.119).
Forexample,theproblem364x 50issolvedbydividing364by2,yielding182.Next,
multiplyby100togive18,200.
Atwehprovidedaninterestingstrategyforamultiplicationcalculationthatcanbe
performedassumingtwocriteria remet.First,theunitsdigitsmustaddtoten.Second,
thetensdigitsmustbethesame.If bothofthesecriteriaholdtrueforaproblem,the
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problemcanbesolvedbymultiplyingtheunitsdigitstoyieldthelasttwodigitsofthe
product.Then,increaseoneofthetensdigitsbyone,keeptheotherthesameand
multiply.Theresultisthefirsttwodigitsoftheproduct.i.e.64x 66...6x4=24,the
lasttwodigitsintheproduct....and7x 6=42...isthefirsttwodigitsintheproduct.
Therefore,theansweris4224.
Clearly,manymentalcalculationstrategiesxist.A persondoesnothavetobean
experttopartakeinthemanyavailablebenefitsofpossessingtheabilitytoskillfully
calculatementally.Note,however,knowledgeofmanystrategiesi oneofthemost
fundamentalcharacteristicsofexpertmentalcalculators.Althoughapersonmighthave
characteristicsofexperts,uchasefficientuseofmemoryoravaststoreofnumerical
equivalents,hoseskillsareirrelevantif apersondoesnotpossesknowledgeofvarious
strategies.Somepeopleinventoracquirestrategiesontheirownthroughnumber
experiences,otherslearntheminschool.
Considerationsfor TeachingMentalArithmetic
Mentalcalculationstrategiesmustbetaughtandtheworkmustbeanintegralpart
oftheinstructionalprogram(Atweh,1982).Ideally,mentalcalculationshouldbetaught
earlyastoavoidstudentsbecomingdependentupontheuseofstandardwritten
algorithms.Hazekamp(1986)states,"Specialmentalmultiplyingproceduresneedtobe
taughtearlyandintegratedintothemultiplicationprogrambeforestudentshavealmost
masteredthewrittenalgorithm"(p.124).Children eedtobeencouragedtothink
withoutheuseofpencilandpaper.Teachersneedtotrytointrinsicallymotivate
studentsowantounderstandmeaningbehindthestatementstheyaretryingtointerpret
(Flournoy,1959).French(1987)claims,"Surelyit is importantthatchildrenare
20
encouragedtothinkaboutefficientandeffectivewaysofdoingsuchcalculations,rather
thanencumberingthemwithhalfunderstoodwrittenalgorithmsormakingthemtotally
dependentonacalculator"(p.39).
Teachersneedtomakethemselvesawareofthemanydifferentexistingstrategies
formentalcomputation.Theyneedtorecognizethathey,themselves,havestrategiesfor
mentalcalculationandsocouldtheirstudents.Knowledgeofthediversestrategiesthat
existandtheprospectofclassdiscussionsandsharingintheexperiencesofother
studentsi ,forteachers,akeyaspectinprovidingallstudentswithoptimalchancesto
becomeskilledmentalcalculators.First,however,theymustunderstandtheinfluence
theyhaveontheirstudents'individuallearningstyles.Bills(1999)reportedthat
childrenformmentalimages,whichtheyuseformentalcalculation,fromtheactions,
wordsandmaterialsofteachers.Mentalcalculationisalearned"skill"anditneedstobe
developedovertime.Whileeachchildwill develophis/herownstyleofwhat
informationtoattendtoduringinstruction,muchsimilarity(ofthewaytheyformmental
images)will existbecausechildrenformtheirimagesbasedontherepresentationsfthe
teacher.Thisimpliesthateachersneedtobeawareoftheimagesindividualkidsare
usingtoexploit,buildupon,orenhancetheimagerythatisparticulartoeachstudentto
allowthestudenttoreceivemaximizedbenefitfromtheirindividualmethod.In other
words,teachersmustpaycloseattentiontotheneedsofeachstudenttoknowwhat
individualstrategyworksbestforeachstudent.
Whentheteacherbecomesfamiliarwiththelearningstylesandcalculation
strategiesu edbyallstudents,classdiscussionscanprovideaninvaluableresourcefor
teachingmentalcalculation.French(1987)citedrecommendationsforteacherstohelp
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childrendeveloptheirmentalcalculationskills.Onerecommendationsbasedonthe
valueofclassdiscussion:
Thevarietyofmethodsthatchildrenandadultsuseindoingmentalcalculationsi
veryvaluable,nottoproducea"bestmethod",buttoencourageaflexible
approachandmakeexplicitheadvantagesandinsightsthatcomefrom
consideringalternatives.Muchofthevalueofdoingmentalmathematicsarises
throughdiscussingthemethodsused.If childrenaresimplygivenasetof
questionsandthentoldtheanswers,avaluableopportunityforlearninghasbeen
lost,if nothingmoreissaid(p.39).
Thevalueofclassdiscussionsandparticipationfromallstudentsaskeycomponentsof
instructioni mentalcalculationtechniqueshasbeenhighlightedbyotheresearchers
(Aze,1988;Hazekamp,1986;Thompson,2000).
Onethreadcommontomanyskilledmentalcalculatorsi thefactthatheyall
seemtoshareincreasedinterestinsomethingrelatedtonumbersornumberrelationships.
Therefore,itwouldbehooveteacherstotrytoinstructwiththegoalofstimulating
interest.Theymustprovidexperiencesthatwillmeansomething,somethingthatwill
trulymattertothestudent.Studentsneedtorelatethelanguageofmathematicsto
somethingthatistangibletothem,totheirlives.Theinformationtheyreceivemustbe
practical.Whatisthesignificanceof34x 57?Withoutcontext,heproblemitselfisof
verylittlesignificance.However,whatisthesignificanceof "DoI haveenough
ingredientsandmoneytodoubletherecipe?"Or,whatisthesignificanceof"I wonderif
I couldridemydirtbiketomyfriendshouseononetankofgas?"Presentedinacontext
basedonreality,studentswill likelybemoreapttodesiretolearnmentalcalculation
--
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skills.Onadailybasis,therearemanyopportunitiesforstudentsopracticetheirskills.
Teachershouldmakestudentsawareoftheseopportunitiesandalerthemtosomeofthe
possibleplacesandtimestheseventscouldtakeplacesuchasinthelunchlineorthe
mall.ThedataofSauble(1955)includedaninterestingexampleoftheapplicationof
mentalmethodstoeverydaylife:
"John(inthe4thgrade)gavethisillustrationofasituationinwhichheestimated:
'I wantedtopayformovieticketsfortwofriendsandmyself.Theticketswere
49~each.I hadtwodollarbillsandahalfdollarinmypurse.I gavetheticket
selleradollarbillandthehalfdollarbecauseI knewthat3x 50~was$1.50.'" (p.
36).
Anotherwayteacherscanfosterthedevelopmentofmentalcalculationskillsisto
providemanydiversexperiencesandgivechildrenampleopportunitiestopracticetheir
skillstohelptokeepthemsharp.Atweh(1982)pointedouttheneedforexperienceand
practice.
"Theneedtodeveloptheskillsrelatedtoestimationandmentalabilitieshassome
veryimportantimplicationstothepracticeofteachingmiddleschool
mathematics.Probablythemostobviousimplicationisfortheteachertoplan
appropriateinstruction.Justasinanyotherskilltobedeveloped,studentsshould
haveample xperiencesandpracticeinsituationsusingtheseskills.Inother
words,studentsneedtobetaughtthedifferentmethods.It isnotsufficientto
hopethatstudentswoulddevelopthoseskillswhentheyneedthem"(p.54).
Insupportofthisposition,Hazekamp(1986)providedexamplesinvolvingcalculations
withitemsorcharactersthatstudentscouldeasilyrelatetosuchas:"Eachbuscarries48
- --
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pupils.Howmanycanfourbusescarry?Eachboxcontainstwodozenpencils.Will 25
boxesbeenoughtogive640pupilsonepencileach?"(p.126-127).
Textscanserveasapowerfullearningtooltoassistchildrentodeveloptheir
techniques.Thedegreetowhichtextsprovidexperiencesandpracticeinestimation,
interpretationa dcomputationvaries.Bywayofanexaminationofsixfifthgrade
arithmetictexts,thedata&omFlournoy(1959)revealedthefollowing:
Eachofthesixbooksprovidedsomecomputationpracticewithestimating
answers,omepracticeinestimatinganswerstowordproblems,andpracticein
interpretinggraphsandscales.Thosebooksprovidingsimilartypesofexercises
variedgreatlyintheamountofpracticeprovided.Forexample,inproviding
computationpracticeinestimatinganswers,onebookwasfoundtoprovidenine
pageswithexercisesofthiskind.Threeotherbooksincludedonlyonepageeach
onthistypeofpractice.Onlyonetextbookincludedexercisesoninterpreting
quantitativestatementsu ing"referencemeasures"(p.136).
Althoughthesedatawereprovidedsometimeago,theemphasisonmentalcalculation
hasnotchangedramaticallyand,asaresult,thetextshavenotimprovedintermsof
providingsufficientexperiencesandpracticeinmentalcomputationtechniques.
However,textscanbeaninvaluabletoolasameanstoexposechildrentosituationsfor
whichmentalmethodsarethelogicalmeanstosolvetheproblem.
Finally,anotherpracticeteachersneedtoemploytohelpstudentsdevelopmental
calculationtechniquesandkeepskillssharpistestingonaregularbasis.Reys(1985)
identifiedsixconsiderationsforassessingmentalcomputationskills:
1) Keeptestshort,probablytentotwentyproblems.
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2) Startwithanarrowfocus.Inthebeginning,concentrateonlyononeoperation
(addition,subtraction,multiplication,ordivision)withspecificnumbers(whole
numbers,decimals,orfractions).
3) Emphasizethementalnatureofthesetests.Forstudentsaccustomedtowritten
algorithms,mentalcomputationisanewexperience.
4) Usedifferenttestingformats.Forexample,youmightreadeachproblemaloud
andallowabriefinterval(fivetofifteenseconds,dependingonthecomplexityof
theproblems)betweenproblems.Anotherapproachwouldbetowritethe
problemsonatransparencyanddisplaythemindividuallyforafewsecondsas
thementalcomputationiscompleted.
5) Buildinsome"nested"problems.These"nests"aregroupsofproblemsthatare
relatedtoeachother.Forexample,4x 8,4x 80,and40x 80are"nested."
6) Usementalcomputationtestsregularly.Thesetestsdon'ttakemuchtogiveor
score.Theykeepstudentssharponbasicfactsandremindthemthatmental
computationisvalued.Oftentheproblemsonthetestsleadtoadditionallearning
astheproblemsarediscussed.
Whenincludinginstructioni mentalcomputationstrategiesinamathematics
curriculum,therearemanythingstoconsider.Teachersneedtoknowtheirstudents.
Theyneedtoknowindividuallearningstyles.If thechildrenhavebeguntodevelop
calculationstrategiesontheirown,teachersneedtobeawareofthesestrategiesinorder
tolegitimizethem.Sharingstrategiesu edbyallclassmatesmakesforgooddiscussions
andadditionallearningopportunitiesforallstudents.Studentswill havetheopportunity
topick-updifferentstrategies,perhapsastrategythatwill leadthemtomoresuccessin
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theirmentalcomputationpractice.Childreneedto"thinkmentally."Teachersmust
stressthementalnatureofthesetaskssostudentsrealizethatwhattheyaredoingisnot
connectedtothestandardwrittenalgorithmstheyhavebeenusedto. Studentsneedmany
chancestopracticementalcomputation.Teachersmustdirecthemtosituationsthatcall
formentalcalculationstrategies.Perhaps,astheyperformsuccessfulcalculationsfrom
timetotime,theywill findmotivationwithin.It is importantthateachersprovide
experiencesthatstudentscanrelatetoandpracticeontheirown.Studentsmustbekept
interested,asexceptionalinterestisatraitsharedbyskilledmentalcalculators.Teachers
needtoprovidemany,diversexperiencesfortheirstudentsandstudentsneedtoknow
whyandwhenmentalcomputationisthebest,mostefficientoptionforthesaid
calculation.Mentalcomputationtechniquesmustbefrequentlyutilizedsotheyarekept
sharpandnotforgotten.Finally,assessmentsmustbegivenonaregularbasis.Testing
servesasacontinuousreminderthatmentalcomputationisavaluabletechniqueand
theseskillswillneedtobecontinuallydeveloped.Studentsneedtoknowthat,inthe
samewaythatsportsorplayinganinstrumentisaskill,soistheabilitytoappropriately
employtechniquesinmentalcalculation.Regardlessoftheactivity,tobecomeskilled
requiresapersontoparticipateinlearningexperiencesandpractice.Dedicationanda
concertedeffortosucceedwill givestudentsapractical,valuableassetoutilizeinmany
everydaysituations.
Discussion
Theskillofmentalcalculationisavaluabletraittopossessandit isusefulin
mathematicsa wellasothereducationalreas.Mentalcalculationprovidesthe
foundationforthedevelopmentofhigherlevelthinkingskills.It provideschildrenwitha
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newwayto thinkaboutthenumbersystemandnumberrelationships. Successfully
performingefficientandeffectivementalcalculationsrequiresathoroughunderstanding
of mathematicprinciples.It isnotamechanical,rotemethodof solvingproblems.
Instead,studentslearntheprinciplesbehindmathematics.Childrenwill achievean
understandingthataddition,subtraction,multiplicationanddivisionaresimplymethods
tocombineorseparatenumbers.Thesuccessfulapplicationofmentalmethodsrequiresa
persontobeskilledatsolvingproblemsandnotsimplyadeptatmemorizationf
mathematicalformulas.
Thereisapracticalneedformentalcalculationstrategiesineverydaylife.
Throughoutanindividuals'lifetime,toalesserorgreaterextent,heneedforknowledge
ofmentalcalculationstrategieswill alwaysexist.Intermsofpracticalapplication,oneof
themostvaluableskillschildrencantakeawayfromtheirelementaryeducationis
proficiencyinmentalcalculation.Chancesare,regardlessof incomeorsocialstatus,
therewillbefoodtobuyandbillstopay.Theskillofmentalcomputationisahandy,
applicableasset.It isimportantthateducatorsfocuseffortstowardearlyskill
developmentandconsistentinstructioni mentalcalculationtechniques.
Mentalcalculationstrategiesmustbetaughtandtheyshouldbetaughtearlyso
childrendonotbecomereliantonstandardwrittenalgorithmsasameanstosolvethe
majorityofproblemstheyencounter.If skillsaretaughtearlyinachild'seducation,
childrenwill notbecomedependentonthesingle,standardmethod.Insteadtheywill be
awareofamultitudeofcalculationoptionsandtheywill appreciatehetraditional
methodofcalculationwhentheyencounterit intheupperelementarygrades.
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Teachersneedtobeaware,andmakeallstudentsawareofthemanycalculation
strategiesthatexist.Theymustbeinapositiontocommentandprovidefeedbackforthe
strategiesvolunteeredbyallstudents.Theyhavetoencourageclassdiscussionsand
pupiltopupilinteractionsoallstudentscanbenefitfromthediversestrategiesthatexist.
Teachersmustprovidestudentswithalarge,diversenumberofopportunitiesto
practicetheirmentalcalculationskills.Asarguedinthispaper,oneofthemost
beneficialaspectsofmentalcalculationabilityisattributedtoitspracticalapplication.
Teachersmustexploithisaspectofmentalcalculationbecauseoptionstopracticethis
skilloccureverydayinthelivesofstudentsandif notutilized,apowerfullearning
opportunityiswasted.Therefore,teachersmustmakestudentsawareofthemyriadof
waystheycanpracticethisskill. This,inturn,will fosterinterestwhichisonetrait
commontomanyskilledmentalcalculators.Teacherscanusepracticalexamplesinand
outoftheclassroom.Theycangivestudentsbriefassignmentstoemployoutsidethe
classroomwhentheyknowtheywill beinapositiontopracticetheirskills.
Textbookscanprovidestudentswithgoodpracticeproblemsformental
calculationstrategies.Sincetheemphasisonmentalcalculationabilityhasjustrecently
beguntogainincreasedpopularity,teachersneedtoexaminetextbooksclosely.The
researchasshownthatexamplesintextsforcomputation,estimationorinterpretation
variesgreatly.Therefore,toensurestudentsreceiveamplechancestopracticeand
developtheirskills,teachersmustanalyzetheirmaterialsindetail.
Finally,tohelpchildrendeveloptheirskillsandkeepthemsharp,testingofthese
skillsshouldbedoneonaregularbasis.Testinghelpsstudentsdeveloptheirskillsbutit
alsoletsstudentsknowthathisisavaluedaspectoftheirmathematicaleducationand
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theyshouldexpectconsistentworkinthisareaandbepreparedfortesting.Testingis
oneofthemosteffectivewaysofassessingperformanceofallstudents.
Theinformationpresentedherehasimplicationsfordeafstudents.Mostof
literaturereviewedforthispaperhasbeenfromstudiesinvolvinghearingparticipants.
Becauseofthisfact,it isdifficultodrawconclusionswithinthedeafpopulation.
However,it isnotlikelythathedifferentmathematicalachievementlevelsamong
hearinganddeafstudentscanbeattributedtolackof instructioni mentalcalculation
strategiesforthedeafstudents.Thisistruebecause,onlyrecentlyhastheemphasis(for
educationi general)beguntoshifttowardanincreasedfocusonlearningtechniquesin
mentalcalculation.Theresearchasshowntheimportanceofteachingmental
arithmetic.It isclearthatchildrenattainmanybenefitsfrommentalarithmeticnsideand
outsidetheclassroom.Also,it isclearthatmentalmethodsofcalculationeedtobe
taught.Therefore,deafstudentscertainlyhavemuchtogainfrominstructioni mental
calculationstrategies.Deafstudentscan,mostlikely,partakeinthesamebenefits
acquiredbyhearingstudents.However,thisremainspeculationi theabsenceof
researchspecifictodeafstudentsandmentalcalculation.Futureresearchshouldinclude
instructioni mentalcalculationforthedeafpopulation.Comparisonofdeafstudents
instructedinmentalstrategiestostudentswhowerenotinstructedwouldbeinteresting.
Thiswouldanswerthequestion,"Dodeafstudentsreceivesimilarbenefitastheirhearing
peers?"Futureresearchshouldincludeanevaluationofstudentswhoreceived
instructioni mentalmethodsandwhoareconsideredtohaveanawarenessofphonology
(basedonreadingandmemoryskill)toasampleofstudentswhoalsoreceived
instructionbutareconsiderednottohaveafirmknowledgeofphonology.Thistypeof
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studycouldlendinsightintotheinfluenceofphonologyonmentalcalculationability.
Perhaps,inceinstructionwouldbeminimallyinfluencedbylanguage(comparedtoword
problemsortasksmoreintimatelylinkedtotheEnglishlanguage),bothgroupswould
performsimilarly.Naturally,manyothervariableswouldrequirecarefulconsideration
suchascommunicationmodeduringinstructionandmathematicalabilitiesofthestudent
sample.Nonetheless,thiswouldmakeforaveryinterestinganalysisbecausemany
studieshavebeenfocusedontasksinwhichit iseasytoidentifydelayedlanguage
developmentasthecatchallreasonforimbalancededucationalbilitiesamongdeafand
hearing.True,themathematicalinformationiscodedviathearticulatoryloopfor
hearingindividuals,butthementalnatureofmentalcalculationstrategiesmakesforan
environmenti whichtheimpactofphonologyisreducedcomparedtootherareasof
studysuchasreadingcomprehensiona dmathematicalwordproblems.Datafrom
futureresearchwill continuetoprovidecluestothereasonsforthegapbetween
achievementlevelsamongdeafandhearingstudents.Regardlessofthecontributionsof
futureresearch,itseemslogicalthatdeafstudentscanbenefitfrominstructioni mental
computationstrategies.Withproperinstructionofmentalcalculationtechniques,
experiencesandmotivation,deafstudentscanraisetheirlevelofperformancein
mathematics.In turn,theskillsacquiredcanbeutilizedforlearninginotherclasses.
Theseskillscanbeusedinpracticalsituationsonadailybasis.Teachingchildrenskills
inmentalcomputationisaveryprofitableinvestmentforallstudentsandprofessionalsin
thefieldofeducation.
--
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